Introduction
According to the recent Global Health Risks Report by the World Health Organisation, arterial hypertension remains the leading cause of morbidity and mortality world-wide [1, 2] . Despite enormous progress in medical science, the diagnosis and therapy of arterial hypertension continue to rely primarily on non-invasive blood pressure (BP) measurements. BP measurements were first reported in the late 18 th century. In 1773, Reverend Stephen Hales cannulated the carotid artery of a supine, but un-anesthetised, horse and connected it to a vertical glass tube. The blood rose to a level of about 2.85 m, corresponding to a BP of about 213 mm Hg [3] . This experiment represented one of the first documented measurements of BP in the history of medical research. Multiple developments for both direct and indirect BP measurement have been made since then. These included the description of an air-filled BP cuff linked to a sphygmomanometer by Scipione Riva-Rocci in 1896 [4] as well as the description of the auscultatory sounds by Korotkoff [5] . These methods allowed a broad application of BP measurements in the population. Even today, routine BP measurements as well as epidemiological and therapeutic studies in the field of arterial hypertension are based on these very early ground-breaking inventions and observations. The goal of this article is to provide an overview of current methods and trends in the field of non-invasive BP measurement, an update on current guidelines and an overview of BP measurement in special populations. stethoscope method. However, measuring BP oscillometrically remains an engineering challenge. Devices must be able to detect small BP changes within the cuff oscillations over a broad spectrum of much higher cuff pressures necessary to compress the artery during the measuring process. Figure 1 demonstrates the principle of oscillometric BP measurements. Systolic BP (SBP) is measured by an increase in cuff oscillation when blood first passes the deflating cuff. Diastolic BP (DBP) is recognised when oscillations return to baseline. Mean BP corresponds to the maximal oscillations during cuff in and deflation. While mean BP is relatively easy to determine, measurement of systolic and diastolic BP requires sophisticated algorithms for the analysis of the rate of change of amplitude as well as the change in the waveform of oscillations. Additional problems such as irregular cardiac rhythm, variations in cuff deflation rate, and variations in the compressibility of the artery exist, potentially introducing further clinically important measurement errors. Therefore oscillometric devices for office, hospital, home, and ambulatory BP measurements should be validated according to established national and/or international validation protocols (table 3) . A list of validated oscillometric devices is published and regularly updated on www.dableducational.org, on the website of the British Hypertension Society (www.bhsoc.org), as well as on the websites of the Swiss and German Hypertension Societies (www.swisshypertension.ch, www.hochdruckliga.de).
Figure 1
Oscillometric blood pressure measurement (technical principle). A Decreasing cuff pressure allows continuous increase of blood flow with consecutive increase in oscillation amplitude. When reaching mean arterial BP, amplitude of oscillations decreases. Estimation of systolic and diastolic BP depends on algorithms designed by the manufacturer of the device. B Arrhythmia leads to changing ventricular filling with consecutively alternating pulse pressure and alternating magnitude of oscillations, rendering determination of systolic and diastolic BP difficult at the least, if not impossible.
Measurement of central aortic blood pressure
Due to progressive stiffening of the peripheral arterial walls, progressive reduction of the arterial diameter, and reflecting pulse waves amplifying peripheral BP, peripheral systolic BP is higher and diastolic BP is lower than central BP [9] . However, central aortic pressure, particularly central aortic pulse pressure, appears to predict cardiovascular and central nervous risk better than peripheral BP [10, 11] . In addition, calculations of cardiac work may be derived from central aortic pressure. Currently, four methods have been described for the non-invasive determination of central aortic BP. In general, these methods rely on arterial applanation methods either combined with the use of mathematical transfer functions and/or conventional BP measurement [8] . However, due to the time, experience, and financial investment that are required for the measurements as well as the lack of a broader validation using parallel intra-arterial measurements, determination of central aortic BP does not appear to be currently suitable for routine clinical use.
Other non-invasive methods of blood pressure measurement Further methods for non-invasive assessment of BP have been developed using ultrasound techniques and photoplethysmographic methods. In principle, ultrasound techniques measure the movement of the arterial wall. Systolic BP is determined by a Doppler phase shift in the reflected ultrasound, while diastolic BP is determined by diminution of arterial wall motion. Another variation of this method detects the onset of blood flow at systolic pressure. This approach has been found to be of particular value for measuring pressure in infants and children and in patients with very faint Korotkoff sounds. In addition, this method can be applied to determine ankle-brachial-index (ABI), in which the systolic pressures in the brachial artery and the posterior tibial artery are compared to obtain an index of peripheral arterial disease [12] . The Finger Cuff Method of Penaz is a photo-plethysmographic method for continuous assessment of BP. In principle, plethysmographic output is used to drive a servoloop, which rapidly changes the cuff pressure to keep the output constant and to hold the artery in a partially opened state. Cuff oscillations are closely correlated to the intraarterial pressure wave, giving an accurate estimate of the changes of systolic and diastolic pressure [12] .
How to correctly measure blood pressure
General aspects BP is characterised by large spontaneous variations both during the day and between days, months and seasons [13] [14] [15] . In addition, BP is affected by the circumstances of measurement itself, including emotion, exercise, meals, tobacco use, alcohol intake, temperature, respiration, bladder distension and pain. Moreover, age, race and diurnal variation play an important role, and have to be taken into account when judging BP values. Therefore, the diagnosis of arterial hypertension should usually be based on mul-tiple BP measurements, taken on separate occasions. In patients with only slightly elevated BP, repeated measurements should be obtained over a period of several months to accurately define ''usual'' BP values. In cases of markedly elevated BP, evidence of hypertension-related organ damage or a high or very high cardiovascular risk profile, repeated measurements should be obtained within weeks or days. BP can be measured by the doctor or the nurse in the office or in the clinic, by the patient or a relative at home, or automatically over 24 h [16, 17] . The currently recommended cut-off values for the different modalities of BP measurement are summarised in table 1.
Office blood pressure measurement (OBPM) [16]
BP in the office can be measured using a mercury sphygmomanometer and another non-invasive semi-automated or automated oscillometric device. As outlined above, oscillometric devices will become increasingly important because of the progressive banning of the medical use of mercury. Again, it is mandatory that these devices should be validated according to standardised protocols and their accuracy should be checked periodically. Measurements should be performed in a quiet environment with the patient having been seated for several minutes. At least two measurements spaced by 1-2 minutes should be taken. Additional measurements should be considered if the first two differ by more than 5-10 mm Hg. A standard bladder (12-16 cm wide and 26-30 cm long) should be routinely used. However, a larger and a smaller bladder must be used for fat and thin arms, respectively (table 2). Independent from the patient's position, the BP cuff has to be placed at the heart level. Phase 1 (first appearance of faint, repetitive, clear tapping sounds that gradually increase in intensity), and phase 5 (disappearance of tapping sounds) Korotkoff sounds are used to identify systolic and diastolic BP. Measurement should be taken in both arms at the first visit to detect possible differences due to peripheral vascular disease. In this case, the higher value should be taken as reference. ESH/ESC guidelines recommend to take standing BP one and five minutes after assumption of the standing position in elderly subjects, diabetic patients, and in patients with other conditions in which postural hypotension may be frequent or suspected [1] . Heart rate should be measured after the second measurement in the sitting position [1] . Recent data suggest that repeated OBPM every 5 minutes over a period of 30 minutes may be equivalent to ambulatory BP measurement (ABPM) in terms of classification in normotension, white-coat hypertension, masked hypertension, and sustained hypertension [18] .
Ambulatory blood pressure measurement (ABPM, [16])
Multiple, mostly oscillometric, devices are available for ABPM. They provide information on 24-hour average BP as well as on mean values over defined periods of time such as the day, night or morning while the patient is able to conduct a normal life. ABPM correlates more closely with hypertension-related organ damage and its changes by treatment than does OBPM [19] . Reproducibility of measurements and prediction of cardiovascular risk is greater than with OBPM [20] , and ABPM more accurately reflects the effects of BP reduction induced by treatment. ABPM provides information on both daytime and night-time BP profiles, day-night BP difference, morning BP rise and BP variability. Though information obtained by ABPM should currently not be regarded as a substitute for information de- rived from OBPM, a recent meta-analysis suggests ABPM as the reference standard to avoid misdiagnosis of arterial hypertension and to allow for a more targeted antihypertensive drug therapy [21] . It is important to note that normal ABPM values differ from reference OBPM values (table 1) . Indications for ABPM include -confirmation of the diagnosis of arterial hypertension; -suspected white-coat hypertension; -suspected nocturnal hypertension; -suspected masked hypertension; -establishment of dipper status; -resistant hypertension; -hypertension of pregnancy [1, 16] .
Further potential indications include BP measurements in elderly patients, as a guide to antihypertensive therapy [22] , diabetes mellitus, evaluation of symptoms suggesting hypotension, and autonomic failure. Moreover, ABPM should be considered when substantial variability is found for repeated OBPM, when high office BP is found in the absence of hypertension-related target organ damage or vice versa [1, 17] . A further indication for ABPM may arise from a recent observation that a substantial proportion of patients with apparently controlled arterial hypertension, according to OBPM, have elevated ABPM values [23] .
As for OBPM, care should be taken to use appropriate cuff sizes for ABPM. Readings should be taken every 10-15 minutes during the day and every 30 minutes during the night. At least two thirds of measurements should be of satisfactory quality. The patient should be instructed to perform the usual daily activities. Keeping record of unusual activities and events allows for more accurate diagnosis.
To date, clinical judgment should be based on average 24h, daytime, and night-time BP values.
Self/home blood pressure measurement (HBPM) [16]
HBPM has gained considerable popularity among patients for its general availability and ease of use. Though HBPM appears to be inferior to ABPM with regard to the diagnosis of arterial hypertension [21] , diagnostic sensitivity of HBPM appears to be higher and prognostic value improved compared to OBPM [21, 24] . In addition, HBPM may improve BP control [1] . Despite the fact that further research is needed to readily establish the precise role of HBPM for the diagnosis and treatment of arterial hypertension, indications for HBPM are similar to the indications for ABPM [16] and HBPM may even be used to substitute ABPM in case the latter is not tolerated [17] . Devices for HBPM should be validated according to national and international guidelines (table 3) . Currently, most devices designed for BP measurements at the upper arm fulfil the validation requirements. In contrast, there are considerably less devices for blood wrist pressure measurements that are validated for clinical use. Devices for BP measurement at the finger cannot be recommended currently.
As for OBPM and ABPM, it is mandatory to use adequately sized BP cuffs for HBPM. The principles for HBPM do not vary from the recommendations for OPBM.
Measurements should be performed in a quiet environment in a sitting position after at least five minutes of rest. In the initial phase of assessment or at initiation of treatment, two BP measurements should be taken daily in the morning as well as in the evening for a period of one week. Recent data suggest that five, or even as little as three, days might be sufficient for the diagnosis of arterial hypertension [25, 26] . Devices equipped with a memory may be beneficial to insure documentation and quality of measurements. For long-term observations, this routine can be reduced to one week per quarter.
Diagnosis of arterial hypertension

General aspects
In general, the diagnosis of hypertension should be based on at least 2 OBPM per visit and at least 2 to 3 visits. In severe cases the diagnosis may be based on measurements taken at a single visit [1, 27] . As outlined above, BP will always be a variable hemodynamic phenomenon that is influenced by many factors. However, OBPM may not discover all patients with arterial hypertension such as patients with so-called "masked hypertension". Moreover, OBPM may erroneously identify patients as sustained hypertensives who present with elevated BP in the office -a situation named "white-coat hypertension". Both the phenomena of white-coat hypertension and masked hypertension underline the importance of performing out-of-office BP measurements.
Diagnostic thresholds for OBPM, ABPM, and HBPM
Diagnostic thresholds for the diagnosis of arterial hypertension using different diagnostic modalities are given in table 1. Taking into account both OBPM and ABPM, individual BP values can be classified into normotension, whitecoat hypertension, masked hypertension and sustained hypertension.
Normotension, controlled hypertension
In normotensive patients and patients with adequately controlled hypertension, both OBPM and ABPM, and HBPM are below the thresholds given in table 1. 
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Sustained hypertension, uncontrolled hypertension
The term "sustained hypertension" refers to the "truly hypertensive" population. In these patients both BP values obtained from OBPM and ABPM, and from OBPM and HBPM, are elevated. The same applies to patients with so-called uncontrolled hypertension, which means patients that do not have hypertension adequately controlled with their current anti-hypertensive medication.
White coat hypertension
Many hypertensive patients exhibit BP values obtained by OBPM that are higher than BP values obtained outside the medical environment (e.g., by ABPM or HBPM). While this phenomenon is named "white-coat effect", the term "white-coat hypertension (or isolated clinical hypertension)" denominates hypertensive BP values with OBPM and normal BP values with ABPM or HBPM [15] . Isolated office hypertension may be present in about 15% of the general population and may account for one third or more of individuals in whom hypertension is diagnosed [28, 29] . It is especially prevalent in elderly patients, pregnant women, and patients, particularly elderly, with advanced chronic kidney disease [1] . The cardiovascular risk appears to be lower than in individuals with both raised office and ambulatory BP [1] . However, a comparable prevalence of target-organ damage and metabolic abnormalities has been described in this population, indicating that white-coat hypertension (WCH) may not be a clinically innocent phenomenon [27] .
Masked hypertension
The term "masked hypertension" (MH) refers to the observation of a normal OBPM together with an increased BP outside the physician's office. The prevalence of this condition appears to be comparable to the prevalence of whitecoat hypertension [29] . About 1 in 7 or 8 subjects with a normal office BP may fall into this category [28] . Although data on this condition is sparse, there is evidence of a greater than normal prevalence of hypertensive targetorgan damage [30] , an increased prevalence of metabolic abnormalities [28] compared with entirely normotensive subjects indicating increased cardiovascular risk, which appears to be close to that of in-and out-of-office hypertensive patients [31] .
Exercise-induced hypertension
The auscultatory BP measurement method may underestimate systolic BP during exercise while it may be overestimated during recovery [12] . Measurement of diastolic BP appears to be more accurate. However, false low diastolic readings may be recorded during recovery, indicating that Korotkoff sound phase 4 should be used in this setting. Exaggerated BP response to exercise (>2 SD increase during exercise), 6-min exercise systolic BP as well as maximal exercise-induced BP were all predictive for cardiovascular mortality [32] . Nevertheless, a cut-off for the diagnosis of arterial hypertension remains to be defined. For practical purposes, exercise-induced systolic BP values ≥180 mm Hg and/or diastolic BP values ≥100 mm Hg at step 2 of the Bruce protocol (≈120 W) respectively systolic BP values ≥210 mm Hg/190 mm Hg (men/women) at maximal exercise have been proposed as diagnostic criteria for exerciseinduced hypertension [33] .
Blood pressure measurement in special populations
Children and adolescents
Several recent studies have demonstrated that paediatric hypertension, particularly in adolescents, is not as uncommon as was previously believed. Its prevalence is increasing in parallel to the paediatric obesity epidemic [34, 35] . Conventional OBPM remains the cornerstone for the diagnosis of paediatric hypertension. However, as both WCH and MH exist in this population as well, assessment of outof-office BP by ABPM or HBPM is essential for a precise diagnosis. As in adults, the choice of the correct cuff size is mandatory. The length of the bladder should cover 80-100% of the individual's arm circumference [36] . Oscillometric devices including devices for ABPM and HBPM should only be used when validated in a paediatric population. Due to the extremely long follow-up, in children only data exist for the association of ABPM with surrogate markers of hypertensive target organ damage [37] . Data on HBPM, especially on reproducibility, clinical application, and diagnostic value compared to OBPM and ABPM, are sparse. The currently recommended thresholds for the diagnosis of paediatric hypertension are given in table 4A. Table 4B shows a simple "rule of thumb" obtained from the guidelines of the Swiss Hypertension Society for rapid determination of paediatric BP thresholds. Further information on the European recommendations on BP thresholds and the management of high BP in paediatric patients can be obtained from [38, 39] . However, more research on the normal range of OBPM, ABPM, and HBPM and their association with hypertensive target-organ damage is urgently needed.
Pregnant women [40]
Hypertensive disorders during pregnancy are among the leading causes for maternal and foetal morbidity and mortality. They account for more than 50'000 maternal deaths per year.
Of greatest clinical importance is preeclampsia, characterised by hypertension, proteinuria, and/or organ dysfunction, complicating 2-5% of all pregnancies [41] . Severe consequences of preeclampsia include eclampsia and the HELLP-syndrome (haemolysis, elevated liver enzymes, low platelet count). Therefore, early diagnosis of arterial hypertension during pregnancy is of major importance. Criteria for hypertension disorders of pregnancy are: -Two or more readings with systolic BP ≥140 mm Hg and/or diastolic BP ≥90 mm Hg over a period of 4-6 hours after 20 weeks of gestation; -Korotkoff phase 5 sounds define DBP, in case DBP equals 0, Korotkoff phase 4 sounds (muffled, soft sounds following crisp and loud Korotkoff phase 3 sounds) may be applied; -ABPM or HBPM should be performed if WCH or MH is suspected.
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Elderly patients
As in younger patients BP should be measured while seated, and two or more measurements should be averaged.
As outlined above, BP should routinely be taken in standing position because elderly patients in particular may have postural hypotension [42] . The prevalence of WCH, isolated systolic hypertension, and pseudohypertension appears to be higher in elderly patients. Hypotension is more common in diabetic patients, especially in the morning and after meals. HBPM as well as ABPM may be helpful for the diagnosis as well as the titration of antihypertensive therapy.
Obese patients [42]
The correct choice of the cuff size is needed for adequate compression of the upper arm. The use of inadequately (i.e. too small) sized cuffs may result in considerable overestimation of BP in obese patients. In case, Korotkoff sounds cannot be auscultated, palpation of the appearance of the radial pulse and auscultation of the radial artery pulsation may help in estimating BP.
Patients on haemodialysis
Hypertension is a frequent observation in haemodialysis patients, reaching a prevalence of 70-80% (office pre-dialysis BP), and is associated with a very high cardiovascular risk [43] . While there is an elevation of systolic BP, diastolic BP decreases, resulting in an elevated pulse pressure.
In chronic kidney disease a target BP of <130/80 mm Hg is usually recommended [44] , but the appropriate target BP in haemodialysis patients remains to be defined. Moreover, there is no consensus on the optimal timing of BP measurements ensuring adequate diagnosis of hypertension in this population.
In haemodialysis patients, association between post-dialysis BP and (peripheral and cerebral) vascular mortality appears to follow a U-shaped relationship. A significant increase of cardiovascular risk was observed when systolic BP was >180 mm Hg or <110 mm Hg [45] . Nevertheless, post-dialysis BP measurement rather than pre-dialysis BP measurements were found to be independently correlated with mortality [46] . As OBPM is considerably influenced by the dialysis session per se, by the speed of volume removal as well as by counter-regulatory responses, ABPM has been generally considered to be superior to the classical BP measuring method to assess hypertension in chronic haemodialysis patients. A criterion for the classification of hypertension in this patient group has been proposed based on 44-h inter-dialytic BP measurements. Despite a lack of evidence from outcome trials, pre-dialytic office BP values >150/85 mm Hg and post-dialytic >130/75 mm Hg are considered to represent a hypertensive BP [47] . Evidence for the usefulness of HBPM in this population remains to be established. As for OBPM and ABPM, neither diagnostic thresholds nor therapeutic targets have been established so far.
Conclusions
Non-invasive BP measurements remain the mainstay for the diagnosis of arterial hypertension, an aid for non-invasive estimation of hemodynamic status, stratification of overall cardiovascular risk and the guidance for anti-hypertensive therapy. Despite the use of, in part, very sophisticated technology, BP measurement in research and the clinical setting continues to be based on basic principles described by Riva-Rocci [4] and Korotkoff [5] .
Comprehensive evaluation of BP requires measurement of BP in the physician's office and the hospital. The diagnosis of arterial hypertension should be confirmed by evaluation of BP outside the medical environment using either ABPM or, if ABPM is not tolerated, HBPM [17] . Only the combination of in-and out-of-practice/hospital methods allows a definite diagnosis of normotension, sustained, white-coat or masked hypertension and the judgment of whether BP is adequately controlled in treated patients.
Though not definitely defined yet, both ABPM and HBPM appear to be more closely correlated to target-organ damage and prognosis in the hypertensive population. However, neither BP stages nor treatment target values have been derived from epidemiological studies so far. In addition, substantial uncertainty exists with regards to adequate methodology of BP measurement as well as BP thresholds and target values in special populations, such as elderly patients or patients on haemodialysis. Future studies will have to take into account these important issues. In summary, non-invasive BP measurement is an easy-toperform and powerful method for cardiovascular risk stratification in the population. However, further research is necessary to refine current BP methods and to answer important questions regarding BP measurement methodology and treatment effects in special populations. Table 4B : "Rule of thumb" for the determination of blood pressure thresholds for the diagnosis of arterial hypertension in children and adolescents [39] . 
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